Introduction
Moringa Oleifera are grown largely in tropical and sub-tropical areas. Moringa can be described as miracle tree and its leaves are an abundant indigenous source of digestible proteins, vitamins, mineral and carbohydrates that are necessary for human beings of all ages (Fahey, 2005) . It was estimated that almost three hundred diseases can be cured by taking Moringa leaves along with hundreds of other health benefits. It also contains more than 90 nutrients, different antioxidants and all the eight essential amino acids (Fuglie, 2006) . Drying is the oldest and commonly used technique for preservation of fruits and vegetables.
Drying cause changes in the food properties including discolouring, aroma loss, textural changes, nutritive value, and changes in physical appearance and shape. Higher drying temperature reduces the drying time but may result in poor product quality, heat damage to the surface and higher energy consumption. On the other hand, mild drying conditions with lower temperature may improve the product quality but decrease the drying rate thus drying period is lengthened (Kumar et al., 2014) . The colour measurements of food materials are used in an alternate way to determine the quality variations as they are faster than a complete physicochemical examination. Many researchers have conducted experimental studies on drying process and mathematical modelling of several fruits, leaves and vegetables like apricot (Togrul and Pehlivan, 2002) , plum (Doymaz, 2004) , eggplant (Yaldiz and Ertekin, 2004) , red pepper (Doymaz and Pala, 2002) , black tea (Panchariya et al., 2002) , broccoli (Sarsavadia et al., 1999) and etc. However, studies on the drying behaviourof Moringa leaves are not present in literature except convective drying (Premi et al., 2010) . Moreover, there is no study on drying behaviourat different temperatures of Moringa leaves. The objectives of this study are to i) determine the drying behaviourand colour analysis of Moringa leaves at three different oven drying temperatures ii) fitting the drying curves with establish model (Guarte, 1996) . 
Nomenclature

Materials and methods
Materials
Fresh Moringa leaves were collected from Moringa trees grown at Agriculture Farm of Universiti Putra Malaysia. Before experiments, initial moisture content of Moringa leaves was measured immediately using AOAC (1995) treatment by putting the leaves in an air circulating oven for 6 h at 105 °C. The initial moisture content of Moringa leaves was 81% (w.b).
Drying of Moringa leaves
Moringa leaves were distributed uniformly on a tray in an oven at 40, 50 and 60 °C temperature. A digital balance with accuracy ± 0.001 g (Gikuru and Olwal, 2005) was used to measure the mass of samples. Leaves were dried until the readings became constant. The readings were taken in three replicates and average values were used for further analysis.
Mathematical modelling
Drying rate (DR) and moisture ratio (MR) were determined by employing Eqs. (1)-(2) (Ertekin and Yaldiz 2001) and Eq. (3) was tested by using Statgraphics software to choose the finest fit for labelling the drying curve equation of Moringa leaves during drying:
where, M t+dt (moisture content, at time t+dt), M t (moisture content at specific time t), M 0 (initial moisture contents) and M e (equilibrium moisture content). For analysis the moisture ratio was simplified to (Menges and Ertekin 2006) . The Page's model (Guarte, 1996) was used to fit on drying data. The Page's model is the most suitable mathematical drying method among all mathematical models (Gunhan et al., 2005; Doymaz et al., 2006) . In literature, there are many statistical test used to assess statistically the performance of drying data and model. Coefficient of determination (R 2 ) and reduced chi-square (χ 2 ) were used in this study. The reduced chi-square (χ 2 ) can be calculated as following Eq. (4) (Doymaz, 2003) and coefficient of determination (R 2 ) value was taken from statgraphics software:
The "Statgraphics" a statistical software package was used for moisture ratio (MR) verses drying time and to measure the values of constants given in Eq. (3) for selected drying temperatures data (Ceylan et al., 2007) . For evaluation of goodness of Page's model for Moringa leaves drying data, higher the R 2 and lower the χ 2 values indicate the best fit of the model (Doymaz, 2003) .
Colour measurement
The colourimeter was used to measure the L*, a* and b* values of fresh and dried Moringa leaves at three different temperatures. Before taking readings colourimeter was standardised with black and white standard plates. Ten readings of each sample were taken randomly and average value was used with standard deviation. The L* measures the whiteness, ranges from (black at 0 to white at 100). The a* measures green when negative and red when positive and the b* measures blue when negative and yellow when positive (Soysal, 2004) .
Results and discussion
Drying of leaves
The difference in weight of leaves as function of time was monitored. Figs. 1-2 demonstrate drying curves for Moringa leaves at (40, 50 and 60 °C) temperatures. The initial drying rate was very high at all drying temperatures because high heat was supplied at high temperature due to which more evaporation took place. The drying process at all three temperature, the drying rate decreased continuously and falling rate was not observed at any temperature. When compare to previous studies on fruits and vegetables these curves are in good agreement (Gunhan et al., 2005) . The drying time for oven 50 °C and oven 60 °C upto the constant moisture reading could be shortened by 28.12% and 75% respectively when compared to oven at 40 °C. The total time taken by Moringa leaves to reach moisture contents of 4.77, 3.02 and 3.02% at temperatures of 40, 50 and 60 °C were 8, 5.75 and 2 h respectively. The results further indicated that all three oven temperatures able to reduce Moringa leaves temperature less than 5% that is favorable for further processing (Dauthy, 1995) .
Mathematical modeling for fitting drying curves
The moisture ratio as function of drying time curves were drawn in statgraphics software for data at 40, 50 and 60 °C by using Page's model Eq. (3). Table 1 shows the statistical results undertaken by Page's model. The criteria for goodness fit of the model was as higher the coefficient of determination (R 2 ) and lowest reduced chi-square (χ 2 ) values. Comparison of R 2 and χ 2 for all three temperatures showed that the Page's model and oven drying at 50 °C gave better fit than other levels of temperatures. For moringa leaves the proposed model for all drying temperatures gave R 2 and χ 2 values ≥ 0.998 and ≤ 0.0008 respectively. It is also revealed that the value of drying constant "k and y" increased as increase in temperature. This means that the drying curves become steeper as temperature increase and drying process become faster. These results were good in agreement with the results reported by (Soysal, 2004) . Fig. 3 shows the experimental and predicted data curves of all drying temperatures with Page's model. Oven 50
Oven 60 
Colour analysis
The fresh Moringa leaves had values 40.78, -4.20 and 6.33 for L*, a* and b* respectively. Fig. 4 shows the comparison of fresh and dried leaves for all three temperatures. The lightness values (2.46, 3.10 and 4.26 at 40, 50 and 60 °C respectively) decreased as temperature increased and leaves colour became dark green. The change in lightness value of Moringa leaves possibly because of chlorophyll degradation. The decrease in L* value when dried for all drying temperatures which is possibly due to drying time and drying temperature (Rudra et al., 2008) . As temperature and drying time increased the colour of leaves became dark green. Leaves dried with all temperatures showed an increased in a* value (0.39, 0.51 and 1.06 at 40, 50 and 60 °C respectively). The natural green colour of leaves is due to mixture of chlorphyll which is directly related to magnesium. During drying, the magnesium molecules are changed to pyropheophytin and pheophytin (Buchaillot et al., 2009) . Therefore, at higher temperatures greenness is reduced. Visually, dark green colour of the leaves seemed as dull green-yellow due to degradation of chlorophyll. The b* values for all drying temperatures were increased as (5.13, 6.54 and 5.63 at 40, 50 and 60 °C respectively). The increase in b* value with increase in temperature showed that leaves became more yellow. The lower a*/b* and higher L* values are preferred in dried food products (Doymaz et al., 2006) .
Conclusions
Drying behaviour of moringa leaves at three different oven temperatures were investigated using Page's mathematical model. Drying time decreased considerably as temperature increase. The drying of moringa leaves at all temperatures were occurred in falling rate and constant rate period was absent. The degradation in moisture ratio have been best defined at 50 °C by using Page's model as gave maximum and minimum values (0.998 to 0.999 and 0.0008 to 0.0002) of R 2 and χ 2 respectively. The dried moringa leaves colour were slightly dark green yellow as compare to fresh leaves colour.
